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5WaJfc**M (MtilESgfc) . (M+l) , (M-l) \z® *) #^.1T«6-C1WIBWE«I«I» 

litL&T (LI4IESES0 ©«K1 (K UiiESESc) &^tf"t"&H l^)Li7 + iA>- 
ffiLJJJlT<&teK2 (K2tt5E««[, K2<K1) *IIt^i20Lf7 + aAl'-^ 
frlB# 1 O L tt 7 * a. A U - * (7) * - ,n' - 7 u -in % h IriBfc 2 O L n 7 * a A V - 
UtMEffiKl, K2£, Kl-K2=K*ifcU *o§K (KliiESES:) i^i&'ffi 

tU^lf^Ii^t £ KffiiBT>ra5WS#©#JSJfc*: (M+l) KK£U WfBM^tB 
»»-^**A«Wi:S(c«flBTOfl'ja#Ofl'JHH:«: (M-l) KKJfcU -HiK <£ o-CfulB 
"SiraE^SW*&ffil4:^JfcS:M+ (K/L) & i fc 1" * -f^ * "> /vl^- 

ifc^JI] PLL , >>'fet'ffo 
2 ] 

il«Li7 + aAV-^(i, fiKl (K 1 »ijEft») £ — ^5<DXti t "t 4 & 1 <£> Lffi 

tn*&fc> mien i<DLmm&<Dmij*m^&mm-%-i> l < a. msawsg^^m* 

*20Lt7*aAV-^l^ ttK2 (K 2 tilElHifc) £ — ^<DXt)t 
»20f-^7?ftH44 If 1 iB«OT*^ * v *"7fS2$fc#Ji PLLvyW 

fo 

[»**3] 

If 1 Eft^f^^ -> ^ ^M^ifc^Jil P L L i/ 1/ -teijr 4 *f & i£ A>~CW-$. £ tL/i^^-r'^ 
* v 9"*m&&fi'm P L L -> y -i *f o 
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[0 0 0 1] 
[0 0 0 2] 

[U 3 [Z7*)V& 'sif'^W.frW.frM P L L is "s 4 *f<D~J"o y ^ IH^r^i'o SKA! 
(TCXO) 7^e>^*!H#-^f reft, ttJEftOtt$|g# (VCO) 1 <omt) 
m*f o *TO*JB#2 AK«fc V)frmL?zm-%f d i v fc©fltfias*fltfBJfctH» (PD) 

^-v*^^®^ (CP) A^mhfi^o 
[0 0 0 3] 

& l< i±/w >\£-y>* (Hi-z) ojRj&ov^ft^fcfc&^-^tf^tiJ^s 

$fE I c p *tb*1- -So £4>f^-S>#>'7W:&mSEI c p»±/u--/7>f (u-stxy 
[0 0 0 4] 

f o (i, TO^JSI»2 A©^Jfc*M+(K/L), f r e f <7>M!M£ f r e f 

[0 0 0 5] 

f o = M+(K/L) X f r e f (1) 

M, K, L : jEasififrlit M : mm&frMUc k/l : *8b»3frffiJt 
*»e>M+ i K&flis^ate^&A^i-a^fflifciWiB^fc 55-JSJfc#nvL (m+i 

Mt U ^IJkilOf »^ C*SJl:®f«f ^ $ iifc t i$£©*«*JSJfc4: (M+l) t 
[0 0 0 6] 

ftlf^ta^tSC: fcfc i 19, LffiT^A 1 1 Ct-A-7n-ff 9 m 

L.fcfc§£<0*a*jaJfc* (M+l) ht&rti:iot, «Jft&3-JSlfcM + (K/L) 

[0 0 0 7] 

mi 5 *--%<Dxi}t-t2> Lfflip^i 2 LmDm&i 2<Dm-fi*mmm 

ffre f T?«#U «*5Mfi*Lte;bn#*ll 2 Ci»^tU4i47-^yf 1 
3 £^<b&&o :©Lf7^aAl/-? 1 1 ii, Wlf-^f r e f fc^Lv>* n y ? \z X 

#P.B)o 

[0 0 0 8] 

/L=l/8<Dm&Ki5tf2>^ mmm^i reft, 2 KA^StL^Ml 5 t 

, f-^7-;fi 2<^m^ji 4 trairsi 2^m*i 0 
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10 0 0 9] 

-£> TOUt LTfl-SfettWfi-JHJfc Zmm-fZo &mm*i ref^llli=l/fref 
£ 1 *n y £ % n j> ^ISHKJWISJT l «/itf7>J§Jfc:a ? M^<bM+ 

l^^k-r^o JWMT^istti^SJtWJi&fiUi, M+(l/L)-c^£*i£ 0 - 

<Dfr&UfrV>m<?>(l/L)&, (K/L)^i£?ltT#x.^i«h75 ? -e#. K=l,2,3-t 
tSC b K«fc ?t, (l/L)Xf? yt?^JtS:IK5£T§*o 
10 0 10] 

ifc— f;^y^7@^^||«gL/; "MASH" fc^JfrtS^fci: «K 7* 

[Jfrl^lfcSfc 1] #01 2000-052044 
[#f^»2 ] 5-500894 -f 

[#M#tf:£fu] m=f-mm.mm^mxuc-i voi.j7 6-c-i noi 1 PP . 4 4 5- 

4 5 2 1 9 9 3^11^ 

[*#H\fclR2] IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 24, NO. 4, AUGUST1989 
pp.696 "A 17-bit Oversampling D-to-A Conversion Technology Using Multistage 
Noise Shaping" 

mwmm l x ? t 1- & mm] 

lo 0 1 1 ] 

L*U iieMftiWiitS, TK^L* (a) , (b) > (c) **±*flKHfc4 
19. 1 OtttfMt-S f o <fc 13, Af = f refX (K/L) iffiL^MSt 

[0 0 12] 

(a) t-A-7n-ff90l»itt 

(b) Li7*aAP-M 1 <75iiM^i&^y-f x©?-*-s>#>? , iai&4<$'soai 

(c) /jN»^C«^JBJfe (K/L) l/2 n <7>^ 
[0 0 13] 

L*U (b) **«H-CfMii- £*y;T*tf>?*>, Afd^Sv* (mEE$lJ#P3&3ffl 1 
[0 0 14] 

(c) £ov»TMU JOKaW^^^'J T^^I&^L^v^v^KS^Jbofeo 
[0 0 15] 

[0 0 16] 

*%WZ>T)i'9 ;: sr-?M$'&$-mP L L v^-t^^Hfti, «j£ftOfPH£H (1) fc. # 
JSJfcj&*M (MttiEg») . (M+l) , (M-l) KiD9*;L^flg?ttEfMMMg# (1 
) OW7J«^f o TOfl-JBS (2) b, -51&frm& (2) OtllMtf d i v 

fc*MM5-f r e f <OttfflJfc«*fT3ffcffiifctfc£ (4) fc. fltfUfctHS (4) <^m7J«-^ 
*r¥»LT«JEWfMMHS (1) C7-f-M^tJ^-^7-f^ (5) b, 
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#12 0 0 3-4 1 1 7 7 6 3/ 

t (LttiESESf:) wrnKi (KutiEmm.) *mn-tz>%i<DLm.T*x.A\,-* o i 

) tL£lT®iK2 (K2{4IESit K2<K1) tII«i2©Lt7^aAl/ 
(3 0) fc. fl(7)Li7^aAl/-^ (3 1) Wt-A-7n--fif^f,^2 CO L 
ll7*a.A^-* (3 0) 0*-/*-70-#-5§-£^i:£;&pgf! (2 9) ^fxtv^ 

o 

[0 0 17] 

-g-LT, .TcOtMI/* v^^rM^^P L L v> + ^^fi4. -UK 1 , K2£. Kl- 
K2=KW;U #>ofi|K (KfiJE^gk) 4 *) * £ &<fiK|£;t U Sn#H (2 9) coffi 
a«#**TSHWW (2) K&mtt&mit-*liLXJ3-jL&Z.b£X*), (2 9) co 

a»fli-9-*»*«o § k^ssa-si* (2) o«-fflit*MK:«fcjeL, mnm (29) com* 

OT^jEffiOt SfcTfTfEfl^S (2) (Dftm&i: (M+l) £Bb£U *n»SI (2 9) C 

ffl^j'te-f-^ffiofc^jcRras^ss (2) co^Miit^ (M-i) wrssu -e-tuctoT 

(2) <DW L m t 3ts:frmi£*M+ (K/L) Ki-a 0 
[0 0 18] 

u^f, tioLtr + ^Ai/-^ (31) fi, wiifiK 1 (k 1 ttiESEBO 

OA* 1 <DLmm$* (2 2) fc N »l^L«JnJH| (22) (omtizmmm^ 

f r e fs * L < tt*TS£«»«S (2) ©ffi2Ht-3-C«#U l^LfMlf ( 

2 2) fc LT4i 1 Of - ^ 7 y f (2 4) fcjfrfc&lK i2©Lf7 
*iAW-* (3 0) 14, ^flxifffiK2 (K2(4jEHic) £-#C0A# fc f * * 2 CO L <fi£ 
JO** (23) , #2 CO LflMt# (23) com^ £S*Hlf -*§- fref, 6 L < ttTJTgg 

7>M(^ (2) ©ffi;&#-3-r«#u «i$i**2©Ltt!io»s (2 3i:i^A*fcU 
4U*20f-^ 7 ';f (2 5) t^P,** 0 
[0 0 19] 

12 (b) OT-e^t^7 7-'J7^©H, fr--f"7 4fr9 (5) t CO 

fi^^iM^^^^tat, «li«LtV>/;Lt7 + aAl/-^ (1 
1) m 1 (ITF-T «t 1 lZ s 2«TflM5U BffMO^^JtT'-^K'ffi (15) 

T, 

Kt (15) =Kltt (18) -K2f (19) (2) 

*mtz1r£ *> &K HI (1 8) , K21S (1 9) GfcCIESgtffi) 1 cOL-flT*^ A 
^-9 (3 1) CT2«Li7 + aAW^ (3 0) ^A:ft-f&o K-ffi (l 5 

) = 1 fciS^LfcV^ (2) ^C^pTci-i^^K HI (18) = 5. Kit 2 (19) = 

[0 0 2 0] 

ZtUZX IK *1 ©LfT^aAV-^ 1 (3 1) R0 t »2OLf7^raAl/-i'2 ( 

3 0) (DMftSJXit, ftff&ffilZiSifZA f = f r e f X (l/L) fcHofcfiJSafc* 
■fVTXfrh, Af l = f refX (5/L) SffA f 2 = f r e f X (4/L) £v>o 
fcifiJV»HafeJfcjfifl^i>tri-*ii:K«:a. ^(Dtztb, Lf7^f^A^-^ (3 1, 3 0) 
©SJWttlMI^ >fX^jgHt?^i-<g,^y; 7* (4. (5) -rtitar^K 

[0021] 

[0 0 2 2] 

7*iAP-*£i£tj-> »1 *J:O r *2©L*r*aAl^-^e5^— /t-7n— g-^o^ 
!K Jp|t#«>W*«*T % «-JBJt*M, M+l. M- 1 M#^=5rnT^ 
ffi#©#JSJfc*1iD»}#;l* JidKLfcifcfcJ: IJ , 31 1 43 4^1112 coLffiT*^. A 
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[n s- hjs -r & ?t & o) ft a o^st ] 

[0 0 2 3] 
[0 0 2 4] 

(lioil 1 ) 

[0 0 2 5] 

5 (TCXO) 7*feO«aH«*f r e f fc, «JE«W»«» (VCO) loffijfjftf 
o*TO^ffl#2CJHJ^fflLfcfl|-9-f d i vfcOttffi«*ffiffiJk«a| (PD) 3« 

^■7°HIj& (C P) 4 K££<btl£ 0 
[0 0 2 6] 

6 L< f4/W (Hi-Z) O^Ov^-rtL^t^^^^-v^^T'tB^^ 
SEI c p S:ffiS1-* 0 iO"f--Y-^#>^aj^*aEi c plifr-7-7 4 )V9 (n-^^y 
4*9) S^mt&XTTKEM&ZtiX^ m&MW§£M&l<DM®l&Kt%2> 0 

[0 0 2 7] 

M-^-f d i \ tLXtiLtt&m&3^7 4 - Vsiy ? ZtL&o Ltitfv T«jEiN*il&M 1 
OfflAfetf ott, ^r^SS2<0^Jt«rM+(K/L), fref«S^ 
f r e f fci-tLtfiJlTOJ: 9 £353*1.* „ 
[0 0 2 8] 

f o = M+(K/L) X f r e f (3) 

M. k. L : JEM§km M : mkUfrmit k/l : /MtSS&^Jt 

M, (M+l), (M- 1) KiD0#it¥ll**afc&oTv>4 0 
#3:h.fci:£fc#S)fc* (M+l) fcU *tt©«*#A:&S*Lfcfc£fc#jail;* (M- 

J£M + (K/L) SrHa-r**©"T?*4 0 
[0 0 2 9] 

Z<D£ >) *frmi£<Omt\±, T*9^9-?UX 1 ^ilt^LiT^aAl/-:? 3 1 
3 0&4UTOSI2 9T'iitSiU^i4 0 LttT^^.Al/-^3 Hi! 

fcL&T (LiiJEHifc) «1 (KlttlEftSO *JR#U LffiT*^ A 3 0 14 

, fLfilT©ttK2 (K2(4iE^m, K2<K1) „ fU, iPffS2 9»±, 

Lf7^ail/-^3 10*-/t-7D-f^i 6*^Li7#aAl/-^3 

[0 0 3 0] 

-e-LT. tKl, K2S-, K 1 -K2=K^i/:L, *ofcK (K*ijE*E#) 

%?2 (DfrffittzMbzwiML, mn&2 9<D*~s*-7u-^9i,sjEm<Dtziz*jmQ-m 

%k2<DfrM}&* (M+l) tIKjfeU ftl*#2 9 0^-^-7n-^9* s ^-fit«?5tgtC 

*rmfrm&2<7)frmit* (m-d kkj£u *ft£4oTTO#jiss2<w£iftfc#^ 

•fcfc£M + (K/L) £l-& 0 
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10 0 3 1 ] 

LtT + iAU-? 3 1 lt s iti^iLt4Stt-A-7Q-ftl 6 fcH^-T* 
*>?>T\ ^m^Jtr'-^KUll 8^-^<7)A^^^*LffiW#?2 2 LffijfjpifSf 
2 2<7>ffi7j2 6 £&iJMr*f ref, *> L< fi pT^^I? 2 ^m^M-tT-^ U 
(f-^y^ffflii) 2 0^rL'fiSn^2 2Cf|^©AAt LT4i^f-^7^f2 4 
tfrhtz&o Z<DLmT*x-AU~? 3 1 (i, &mi3-%-f r e f i:f Lv^D-^Ci: *) 
K lfl 8 roffi^ft 2 6 7&>*liiPl--S> 0 
[0 0 3 2 ] 

LffiT^f aU-^ 3 Oti. JllfiLiitT^r^A 3 1 ra#K L 

U-A-7n-Hf i 7 Z%tk-fZ>i><DX^ 5H&#JSitf*-*K2ltl 9Z-Jj<DXt> 
t-TZ LmMM^2 3 LtiniS2 3 ©HI* 2 7 S:**^ f r e f , ^L<(inj^ 
*«S2©WM«-eft»L, (f-^yfttlll) 2 1*L«iJD*#2 3fc<fl!i;fr 

fe-f-f ref tC^Lv^ny 19 K2fl 9foaj^]fi2 7* ? ifJn1-^o 

[0 0 3 3] 

in*if2 8{i, LIM22, 2 3otBtfS:jn#u-rm^j 1 0 o ^om* 

[0 0 3 4] 

&±Oi -5 bTfrti/r^WX 1 OMCiot, LffiiPHEff 2 2Wt-A-7n 
- Lfzt SK^lifc#M+ 1 fcft I?, L«JD»2f 2 3 <0*rt** -re- 7 n - Lfci: £ 
JSifc^M- 1 Ltein#Sf2 2, 2 3 0MW-A-7n-Lfct^, «fc*v»|± 

. LttTO2 2, 2 3<^W*t it-A-7n-L§v>t |K, 3^Jt7&*MK<&rt:*L& 

o 

[0 0 3 5] 

£IT\ EI2 *#fiBLfca*S> % f>^y^XH:o^r, $ £t£L < KE-f *« HI 
2fctt, #ffiit=K/L= 1/8. Kl = 5, K 2 = 4 3 . f r e 

ft, K 1 -fit 1 8 t, f-^yf2 4<DiHtl2 0 LffiiP^:^2 2<9ti37j 26i, * 
-A-70-fefi 6i. K2f 1 f-?77f2 5 0ffi;ft 2 1 fc. LHJpff#2 

3<£>tB#2 7 t-^-7n-flfi 7 fc, tJPH2£2 8<7>ffi7j 1 0 <h, *-,*- 7 n- 
#-f-9i, TCTJBfl-ja#2 0«»JSIJfc2:^$tLTv»* 0 
[0 0 3 6] 

Lf7^faAl/-^3 lfi, ^m7>MJtT*-^K lfl 8fcf-*?»f2 4<DltiZ)2 
Ot^Xyj^fi, t-/t- 7 n-if 1 6 5rtB7l1-^ L^iP#||2 2 fc, LtlD»S2 2 
<£>£B2J2 6 fcjfcitlffi-g-f r e f fc^A* 3*L3 f- * 9 y f- 2 4 tL£ c $ 

L«T#AAt—*3 0WU SMfeWBttf— *-K2lil 9if-^77f 2 5 OffiTJ 2 1 
t**A*$*L, *w*-7n — 7«riti*1-SL'fitiP^2 3 L«inlt#2 3 0 
ffi7J2 7 t&mm^ri r e f ttfXJj Zti&T- * 7 v 2 5iZTmj&2tlZ 0 
[0 0 3 7] 

iO#H2 8(i. Lfl[Jjnlt#2 2^ffi*2 6^feL«iP#i|2 3©ffi*2 7*«#L^ Ha 

*D#»2 3 ©t-A-7Q-|f l 7 4r«#U ^-/f-7n-ff 9*BJ7Jt4o 
[0 0 3 8] 

3fcfT*Bfftf>tE3feiaBfr-Ctt % fref = 2 00kHz. L = 8"C. Kli (15) =1 *K5g 

Af=200kHzX (1/8) =25kHz 
of 19, *JE«Ofll|&ig#l<oai*#-?-f o X 2 5 kHzBllBLfcJSifc#fc;*7 , 'JT* 

[0 0 3 9] 
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HI (18) = 5, K2I (19) =4tt^no Klf (1 8) £0^2 -fit 

(1 9) fi, flfo£<7> (2) sSfcSlfcU ^o8f$$tL**^*tt (IIKJ: <9*# < , fL 
&T<*Xi) fclfcjfei-ac: t-e, 7 + l (3 1) W^^Ai'-^ (3 o) 

(ommmft; 4 4 xipwm\z xzxfv r *mfr<Dmmmmk a f fi&^&ti 

O 

[0 0 4 0] 

Klii (18) = 5. K24! (19) =4t©Ltt7^aAl/-^ 3 lMLfZ^a 

Afl = 200kHzX (5/8) =125kHz 
Af2 = 200kHzX (4/8) =100kHz 

V-9 3 1 XtfLfcT*** Ix-* 3 0 Oj§JWftifrtf^ X#«HT?»^ -5 * "/'J 7* 
10 0 4 1 ] 

(Hifeo^2) 

[0 0 4 2] 

t ©s^f^^ ^vis^t^ p l l t >f f a, ms iZTFirx 7 iz, mm^m 

^Jfe03^88 1 teTFLfc&o (fff X 1 -C^t) t^t:tM2 0f;^'>^X2^ 

^&^I£#?5 1 £i£lt£o ^2 07*;i'^i/^vf|5X2^0A^'(tK{±. Hll <7) t*;!^ ~> ^ 
v«5Xl<&inJtffi:ZU OT^^o oi^ SP#ttS^J 1 0?&*#E#5 IT, J^T©i^:^ 

[0 0 4 3] 

"K3" - "K4" = "sn#m* i o" 

^> "K4" < "K3" fciRfcU Hpk> "K3" , "K4" "iDJtffi* 1 0" 

[0 0 4 4] 

»2<07VP*->^v&X2tf>ffl#T***w<-:7nHt-f-5 4»i|»^#5 2 
[0 0 4 5] 

££T% fA'^v'^lfXl, X2Wt-A-7D-fif9, 5 4(i, m2i l Z^LtzX 
9 K> «x.tf-0, +1, -1, +l, itL«r«^i"*i:, o^^ii^L 

fc2o0foi*t5t, —1, -2, +2, -l-fc&S 0 t-A'-7n-if 

Hf±+3 19. **fflHi-3 ifc* 0 U#oT, nJ^H2Bli, iD##5 3j&»fc 
A*StLS3ni#«f*tcjSCT, #JSifc£M+3, M+2, M + 1 , M. M- 1 . M- 2 , 
M - 3 <D v> -f flip \z® *) # x. & i t iz & -5 0 
[0 0 4 6] 

^^<t^> *3&§84>^i6<0^StT?<>, 7*^*S'^ia»**MB:M&KLfc "MASH" £ 

»at4£t#T*, ^a<^^tt : *itt2»riBtt©»*fcra«©3»*3&«#?>*i.. iay-rx 
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[0 0 4 7] 
[0 0 4 8] 

[HMcoffim^m^] 

[0 0 4 9] 

[H 1 ] 1 Of;^y^I»JgPL L Wmfc 

[H3] f ;i/ ^ -> ^vIWS P L L •» ^ fO^TtfOii ^ n ? 

1^5] WtiOBl 2 Of;^ y 7vM^I p L L y >-bt f «f 
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